Recent studies of gene expression and immunohistochemistry have shown that protein kinase C-beta II (PKCbeta II) might have prognostic significance in patients with diffuse large B-cell lymphoma (DLBCL). We sought to determine the prognostic significance of the expression of PKC-beta II in patients with nodal DLBCL. Formalin-fixed, paraffin-embedded tissues were stained with a monoclonal antibody to PKC-beta II protein. A total of 125 patients were studied; 83 patients (66%) were in the low-risk International Prognostic Index (IPI) group. Forty-eight patients (38%) were positive for PKC-beta II. Complete remission was obtained in 70%, and was not influenced by the PKC-beta II status (67 vs 71%). The 5-year event-free survival (EFS) was worse in highrisk patients (14 vs 58%, Po0.001) and in those with PKC-beta II positivity (36 vs 49%, P ¼ 0.054). In low-risk IPI patients, PKC-beta II expression was related to a worse 5-year overall survival (OS) (60 vs 76%, P ¼ 0.033) and a worse 5-year EFS (48 vs 66%, P ¼ 0.014). In a Cox regression analysis for EFS, both PKC-beta II expression (hazard ratio ¼ 1.68, P ¼ 0.037) and the IPI (HR ¼ 3.07, Po0.001) were independent poor prognostic factors. PKCbeta II (HR ¼ 1.72, P ¼ 0.046) and the IPI (HR ¼ 5.16, Po0.001) were also independent poor prognostic factors for the OS. PKC-beta II expression, along with the IPI, were associated with a worse EFS and OS in patients with nodal DLBCL specially in low-risk IPI patients.
Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma in Western countries, including Brazil. 1 It comprises a group of lymphomas characterized by an aggressive clinical course, but which exhibit substantial heterogeneity with respect to morphology, molecular and cytogenetic features, and treatment outcomes. The prognosis of a given patient is currently estimated with a combination of five simple clinical variables that constitute the International Prognostic Index. 2 Gene expression profiling, using cDNA or oligonucleotide microarrays, has also been used to identify prognostic subgroups in DLBCL. 3, 4 Unfortunately, this technology is expensive and currently impracticable as a clinical tool. Therefore, immunohistochemistry is often used to evaluate the findings of gene expression profiling studies at the protein level. 5 Protein kinase C enzymes are a family of serine/ threonine kinases that play a major role in signal transduction and contribute to the regulation of cellular differentiation and proliferation. 6 Protein kinase C-beta I (PKC-beta I) and beta II are the two major isoforms expressed in B-lymphocytes. 7 The RNA expression of both isoforms has been studied in patients with DLBCL, and it seems to be associated with a bad outcome both within the Lymphochip and Affymetrix data sets. 3, 4 Two studies have recently analyzed the prognostic impact of PKC-beta II expression by immunohistochemistry in patients with DLBCL, with conflicting results. 8, 9 While Hans et al 8 verified that the expression of PKC-beta II imparted a bad prognosis to the patients, the study by Sáez et al 9 found no association between PKC-beta II expression and clinical outcome in these patients.
The goal of this study was to evaluate the prognostic significance of the expression of PKCbeta II in patients with nodal DLBCL.
Patients and methods
The study population consisted of 125 previously untreated patients with histologically confirmed de novo nodal DLBCL treated with curative intent with standard anthracycline-containing combination chemotherapy at the University Hospital, Federal University of Rio de Janeiro from 1978 to 2001, and at the National Cancer Institute from 1996 to 2001. Patients were selected on the basis of the availability of clinical information and histologic material. Patients with a positive sorology for the HIV virus, and those with primary mediastinal lymphoma, were excluded. Diagnoses were confirmed by histopathologic review, using morphologic and immunologic criteria defined in the WHO classification. 10 All cases were CD20 positive. Lymphomas with lymph node involvement clinically dominant, as well as those presenting at the spleen, were considered as primary nodal. Those lymphomas with extensive disease involving both nodal and extranodal sites were considered nodal. Lymphomas presenting in extranodal organs with no or only minor lymph node involvement were considered primary extranodal.
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Immunohistochemistry Four-micrometer paraffin sections from formalinfixed material were dehydrated and deparaffinized according to standard procedures. Heat-induced antigen retrieval was then performed. The slides were incubated overnight with a monoclonal antibody to PKC-beta II (P-3203, Sigma, Saint Louis, MO, USA) in a 1:80 dilution. Cases were considered positive if the antibody expression was detected in 410% of the lymphoma cells. 9 Reactive tonsils were used as external positive controls. The PKC-beta II antibody stained normal plasma cells and mantle zone lymphocytes strongly.
The results of immunohistochemistry were based on 500 cell counts. The staining was even in most cases. When staining was uneven, the areas where the positivity was higher were analyzed.
Statistical Analysis
Fisher's exact test (two-sided) was used to compare categorical variables, while numeric data were compared with the Mann-Whitney test. Survival curves were determined according to the KaplanMeier method, and compared using the log-rank test. Overall survival was calculated as the time from diagnosis to the date of death or last contact. Event-free survival (EFS) was calculated as the time from diagnosis to the date of disease progression, relapse, death from any cause or last contact. Multivariate survival analysis was performed with Cox's stepwise proportional hazards model. The SPSS version 11.0 software (Chicago, IL, USA) was used for data analysis.
Results
The patients consisted of 71 men and 54 women, with a median age of 60 years (range, 19-83 years). The Ann Arbor stage was I or II in 68 patients (54%) and 42 patients (34%) presented with B symptoms. The serum LDH was elevated in 60 patients (48%). Extranodal disease was present in 47 patients (38%). Data were available for IPI classification in 118 patients, and 83 patients (70%) were in the low-risk group. The median follow-up of the surviving patients was 5.3 years (0.19-11.5). The 5-year overall survival (OS) and the 5-year EFS for all patients were 54 and 44%, respectively.
Forty-eight patients (38%) were positive for PKCbeta II. The staining was cytoplasmic in all cases, but the membrane was also stained in 10 cases (Figure 1 ). There were no differences in LDH, age, B symptoms or Ann Arbor stage according to the expression of PKC-beta II (Table 1) . More females than males were PKC-beta II positive (Table 1) . Although there were more patients with involvement of two or more extranodal sites in the PKC-beta II negative group, the IPI risk-groups did not differ according to PKC-beta II expression (Table 1) . Complete remission was obtained in 70%, and was not influenced by PKC-beta II status ( Table 2) .
The 5-year overall survival was significantly better in the low-risk IPI group than in the highrisk group (70 vs 18%, Po0.001). The 5-year event free survival was also better in the low-risk IPI group (58 vs 14%, Po0.001). PKC-beta II positive patients had a worse 5-year EFS but a similar 5-year overall survival (Table 2) . However, when only the patients in the low-risk IPI group were analyzed, those with PKC-beta II expression had a worse 5-year overall survival and a worse 5-year EFS (Table 2 and Figure  2 ). Membrane staining had no prognostic significance.
A Cox regression analysis was performed to assess the independent role of the expression of PKC-beta 
Discussion
In this study, we have examined the prognostic value of the expression of PKC-beta II in a group of patients with nodal DLBCL. The positivity for PKC-beta II was associated with a shortened EFS. The results of the multivariate analysis confirmed the independent predictive value of both the International Prognostic Index and the expression of PKC-beta II for the EFS and the overall survival. However, PKC-beta II only added statistically significant prognostic information in low-risk IPI patients.
Sáez et al 9 have recently studied the expression of 52 selected molecules in a series of 235 DLBCL. Cases were considered positive for PKC-beta II when more than 10% of the cells were stained. Among the 186 cases tested, 30% were positive, but PKC beta II expression had no impact in the failure-free survival. 9 However, primary extranodal lymphomas were included in their analysis.
On the other hand, Hans et al 8 tested the prognostic value of PKC-beta II and cyclin D2 in a Figure 2 Overall survival (a) and EFS (b) in the low-risk group according to PKC-beta II expression.
Protein kinase in non-Hodgkin's lymphomaseries of 200 patients with DLBCL. A cutoff of 50% for PKC-beta II and 30% for cyclin D2 was chosen, based on a survival tree method. Tumor expression of both proteins was associated with a worse overall survival. PKC-beta II was positive in 22% of the patients. Only patients in the low-risk IPI group who expressed either of the two proteins had a significantly worse overall survival than patients lacking both markers. Patients in the high-risk group presented a similar trend, but the difference in survival did not reach statistical significance. 8 Although extranodal lymphomas were included, these findings are very similar to the results of the present study. In both cases, however, the lack of statistical significance might have been due to the smaller number of patients available for analysis in the high-risk IPI group. The different cutoff points used in these two studies appear to be overly dependent on each data set. When our cases were reassessed using the 50% cutoff, 8 PKC-beta II lost its prognostic meaning for the 5-year overall survival (55 vs 50% for negative and positive cases, P ¼ 0.53) and the 5-year EFS (45 vs 43% for negative and positive cases, P ¼ 0.82). As in all studies involving immnophenotyping of lymphomas, a better standardization of the methodology is clearly needed if these methods are ever to influence clinical decisions. 12 It is also noteworthy that, in the present study, PKC-beta II did not influence the complete remission rate. Its adverse impact was derived solely from a higher risk of relapse in PKC-beta II positive patients (44 vs 24%). If this finding is confirmed in further studies, it might suggest that PKC-beta II positive cells are able to remain viable in low counts after standard treatment of the lymphoma.
It has been recently suggested that cases with a membrane pattern of PKC-beta II expression have a poorer survival. 13 In the present study, however, membrane positivity was found in only 8% of the cases, was always accompanied by cytoplasmic positivity, and had no impact on survival.
To our knowledge, this is the first study to address the prognostic impact of PKC-beta II expression in a sample of DLBCL of nodal origin. Substantial clinical and prognostic differences between nodal and extranodal DLBCL have been recently pointed out in an analysis of 1575 patients. 14 Owing to the peculiarities of the various extranodal lymphomas, it seems more appropriate, when studying prognosis, to analyze separately the nodal lymphomas.
The pathophysiologic role of PKC-beta II is only now being elucidated. The protein kinase C family of enzymes is involved in several cell responses, including proliferation. An increase in protein kinase C-beta II has been reported in colon tumors, when compared to normal colonic epithelium. 15 An increased expression of PKC-beta on B cells, when compared to T cells, plasma cells and myeloid cells, has also been observed. 7 Recently, PKC-beta II has been linked to the NF-kappa B activation pathway. In a cell model without PKC-beta II expression, there was no phosphorilation of a key kinase related with NF-kappa B function. 16 The most compelling evidence for a role of PKC-beta II in lymphomagenesis came from gene expression studies. PKC-beta I and II were among the genes differentially expressed in patients with diffuse large B cell lymphoma patients who were not cured with standard treatment. 3 PKC-beta II expression might also be relevant from a therapeutic standpoint, since PKC-beta inhibitors are currently undergoing evaluation. 17 Wu et al studied four DLBCL cell lines with detectable to abundant PKC-beta transcripts. After incubation with the inhibitor LY436881, the PKC enzymatic activity was reduced to undetectable levels, with a decrease in proliferation and an increase in apoptosis at clinically achievable doses. 18 This finding led to a phase II study of enzastaurin (LY317615) in the treatment of relapsed DLBCL. 19 Preliminary results indicate that the drug is well tolerated and, in heavily treated patients, a 22% freedom from progression was obtained.
In conclusion, the expression of PKC-beta II seems to be associated with a worse prognosis, especially within the low-risk International Prognostic Index group. This information might contribute to the design of a better prognostic tool that could be used to identify patients for improved risk-adapted therapies.
